traction of the hypertrophied muscle in the left ventricular outflow tract during systole, it was anticipated that influences that tend to augment the force of left ventricular contraction would increase the severity of obstruction. This hypothesis was confirmed by the demonstration that in patients with idiopathic hypertrophic subaortic stenosis the obstruction becomes more severe after the administration of drugs that augment myocardial contractility, such as digitalis glycosides`and isoproterenol.2 1-Similarly, the stimulation of the myocardium, which occurs during muscular exercise, also narrows the left ventricular outflow tract' ,' and the administratioin of nethalide, a beta-adrenergic receptor blocking agent, prevents the augmentation of obstruction produced by exercise and by isoproterenol.5
The purpose of the present investigation was to study the effects of nitroglycerin and of the Valsalva maneuver in patients with idiopathic hypertrophic subaortic stenosis and to compare the responses in these patients with those observed in patients with valvular aortic stenosis. The differences in the responses of these From the Cardiology Branch and the Clinic of Surgery, National Heart Institute, Bethesda, Maryland. two groups of patients that were observed shed further light on the fundamental hemodynamic disturbance in idiopathic hypertrophic subaortic stenosis, and may serve as the basis of two simple new diagnostic tests for the presence of this disease.
Clinical Material Sixteen studies on 15 patients form the basis of this report. Of the seven patients with idiopathic hypertrophic subaortic stenosis, five were male and two were female, their ages ranged from 18 to 56 years. Two of these patients, W.D. and P.S., were asymptomatic; the other five complained of exei-tional dyspnea or angina pectoris. The diagnoses were established by a combination of clinical, hemodynamic, and angiocardiographic technics, as described in detail elsewhere.6 In one patient, E.K., the diagnosis was subsequently confirmed at operation, and in patient J.T. the hemodynamic studies described herein were performed 4 weeks after resection of a portion of his left ventricular outflow tract. In patient E.K. the effects of nitroglycerin on the effective orifice sizes of both left and right ventricles were determined in two separate studies.
The OBST.
Figure 1
Maximum changes in peak systolic left ventricularbrachial arterial pressure gradients induced by nitroglycerin (left) and the Valsalva maneuver (right Methods Left heart pressures were measured either by the transseptal method or by retrograde arterial catheterization and cardiac output was determined by the dye-dilution method. The dose of nitroglycerin, which was administered sublingually, was 0.4 mg. in all instances except in patient B.W., in whom it was 0.6 mg. Pressures in the left ventricle and brachial artery were recorded continuously after the administration of the drug. Cardiac output was measured immediately prior to the administration of nitroglycerin, and this measurement was repeated between 4 and 10 minutes after the drug was given, at the time of the peak effect on the ventricular and arterial pressures. The Valsalva maneuver was performed by maintaining an expiratory pressure of 40 mm. Hg for between 15 and 20 seconds, a small leak in the expiratory tube preventing closure of the glottis. Results
Nitroglycerin
The effects of sublingual nitroglycerin on the obstruction to ventricular outflow are summarized in table 1 and Circulatory response to nitroglycerin in patient A.F. with valvular aortic stenosis. C.O., cardiac output; Mean Grad., mean left ventricular-arterial pressure gradient.
idiopathic hypertrophic subaortic stenosis the obstruction to left ventricular outflow became augmented after the administration of nitroglycerin. In six of the seven patients left ventricular systolic pressure rose between 9 and 30 mm. Hg, while in one patient (J.T.) left ventricular systolic pressure fell slightly. The maximum decline of the brachial artery systolic pressure ranged between 14 and 90 mm. Hg, and the peak systolic pressure gradient rose in every instance (fig. 1 ). The cardiac index declined slightly in each patient, falling by an average of 0.54 L./min.M.2. The effective orifice size of the left ventricular outflow tract, calculated by the Gorlin formula,7 fell significantly in every patient.
Three of the seven patients (P.S., J.T., and B.W.) had no or trivial degrees of obstruction prior to the administration of nitroglycerin. In patient B.XV., this drug produced a profound hypotensive reaction and provoked the development of a peak systolic pressure gradient of 132 mm. Hg (fig. 2) . A peak systolic gradient of 24 mm. Hg was provoked in patient P.S. Severe obstruction to left ventricular outflow had been present in patient J.T. prior to resection of hypertrophied muscle in the left ventricular outflow tract. This obstruction was abolished by operation, since no pressure gradient was present in the basal state. Following nitroglycerin, however, obstruction again developed with a peak gradient of 27 mm. Hg; this was accompanied by a reduction of cardiac output and reduction of the effective outflow orifice. Two catheterization studies were performed in patient E.K.; in the first study the systolic pressure gradient between the left ventricle and the brachial artery increased (table 1) , while in the second study, the peak right ventricular-pulmonary artery pressure gradient rose from 65 to 80 mm. Hg as the cardiac index declined from 2.52 to 2.15 L./min./ M.2. Nitroglycerin thus augmented the obstruction to outflow from both ventricles in this patient. In the patients with valvular aortic stenosis nitroglycerin also lowered the brachial artery systolic pressure. This was accompanied in every instance, however, by a decline in left ventricular systolic pressure, and the peak systolic transvalvular gradient was not altered significantly in three patients (fig. 3 ), and declined from 45 mm. Hg to 32 mm. Hg in the fourth (M.F.). As in the patients with hypertrophic subaortic stenosis, nitroglycerin resulted in a small fall in cardiac output in the patients with valvular obstruction. In the three patients without obstruction to left ventricular outflow no pressure gradients developed between the left ventricle and the systemic arterial beds following nitroglycerin ( 
Valsalva Maneuver
In the patients with idiopathic hypertrophic subaortic stenosis, the Valsalva maneuver resulted in a fall in systolic arterial pressure, referred to atmosphere, of between 20 and 65 mm. Hg, while the left ventricular systolic pressure changed inconsistently (table 1) . However, in no instance did the left ventricular pressure decline by more than 10 mm. Hg, and the peak systolic pressure gradient therefore rose in every patient, by 17 to 90 mm. Hg (figs. 1, 4, and 5). Significant left ventriculararterial pressure gradients developed in two patients in whom no gradients were present prior to the Valsalva maneuver ( fig. 6 ). In each of the patients with valvular aortic stenosis, the peak systolic pressure gradient diminished ( fig. 7 ) and a pressure gradient did not develop in any of the patients without obstruction to left ventricular outflow ( fig. 8 ).
Discussion
The administration of nitroglycerin and the Valsalva maneuver both tend to reduce the cardiac output, although the mechanisms by which this is accomplished are different. In the case of nitroglycerin, the fall in cardiac output is small, occurs slowly, and may be consequent to peripheral venodilatation; in contrast, during the Valsalva maneuver, the cardiac output diminishes markedly and abruptly as a result of the augmented impedance to venous return into the thorax. Regardless of the mechanisms involved, the diminution of venous return produced by both of these interventions will reduce the flow rate across the left ventricular outflow tract and will tend to lower the transvalvular pressure gradient in patients with discrete forms of obstruction to left ventricular outflow. Although similar reductions in cardiac output are caused by these interventions in patients with hypertrophic subaortic stenosis, the effects on their systolic pressure gradients were found to be opposite to those observed in patients with valvular stenosis. Figure 5 Effects of Valsalva maneuver on left venttricular and brachial artery pressure pulses in a patient with hypertrophic subaortic stenosis. The broken lines are drawn through the peak of the left ventricular and brachial arterial pressure pulses during the pre-Valsalva control period, and the distance between the two lines represents the peak systolic pressuire gradient at this time. Note the augmentation of this gradient at the end of the Valsalva maneuver, and the rapid fall in gradient after the Valsalva is released.
By use of radiopaque clips sewn to the surface of the left ventricle and a cinefluorographic technic to estimate changes in left ventricular dimensions, it has been shown that the Valsalva maneuver and the administration of nitroglycerin tend to reduce left ventricular size both in systole and diastole.8," 9 These observations permit an explanation of the paradoxical hemodynamic effects of nitroglycerin and of the Valsalva maneuver in patients with idiopathic hypertrophic subaortic stenosis. A reduction in left ventricular size, regardless of how it is produced, will be accompanied by a reduction in the size of the left ventricular outflow orifice, and in this manner will tend to augment the obstruction to left ventricular emptying. An increase in the gradient thus occurs in spite of the fall in cardiac output produced by the administration of nitroglycerin or by the Valsalva maneuiver. As mentioned above, influences that augment the force of ventricular contraction such as exercise, digitalis, and isoproterenol also increase the gradient and reduce the size of the outflow tract. In this connection it is of interest that cinefluorographic measurements of radiopaque clips on the surface of the ventricle have shown that both isoproterenol and muscular exercise reduce the external dimensions of both ventricles."', 11 Hence, a decrease in left ventricular systolic dimensions, whether brought about by diminishing venous return (Valsalva maneuver), by producing arteriolar dilatation and decreasing venous return (nitroglycerin), by increasing the force of ventricular contraction (digitalis), or by increasing tlhe force of contraction and reducing systemic vascular resistance (isoproterenol or muscular exercise), always augments the severity of obstruction to left ventricular outflow in patients with idiopathic hypertrophic subaortic stenosis. In contrast, methoxamine, a vasopressor agent which does not act directly on the heart,12 and which increases ventricular dimensions,10 reduces or abolishes the obstruction in these patients.> 13 It has been reported previously that some patients with idiopathic left ventricular hypertrophy may have no evidence of obstruction in the basal state, but that obstruction Continuous tracing of left ventricular and brachial arterial pressure pulses in a patient with idiopathic hypertrophic subaortic stenosis without a pressure gradient in the control state. A sizable gradient develops during the Valsalva maneuver but disappears after release.
VALSALVA

Figure 7
Effects of Valsalva maneuver on left ventricular and brachial arterial pressure pulses of a patient with valvular aortic stenosis. Note the progressive fall in the pressure gradient. can be provoked by isoproterenol or muscular exercise. 3 14 Similarly, in the present study, in two patients without gradients in the basal state, nitroglycerin and the Valsalva maneuver reduced the size of the outflow tract, so that significant gradients developed in spite of reductions of the cardiac output. It is also appreciated that idiopathic hypertrophic subaortic stenosis is a diffuse myocardial disease that may also involve the right ventricle and produce obstruction to right ventricular outflow.1,-, It is therefore of interest that in the patient with a pressure gradient across the right ventricular outflow tract (E.K.), nitroglycerin augmented the severity of this obstruction as well. It tlhus appears that similarities exist in the determinants of the size of the two ventricular outflow tracts in this disease.
The paradoxical response of patients with idiopathic hypertrophic subaortic stenosis to nitroglycerin and to the Valsalva maneuver may prove useful in the recognition of this disease. Both tests are simple and can be performed rapidly in the course of left heart catheterization without significant additional risk. Although the total number of patients studied to date is small, the responses of the patients with hypertrophic obstruction to this stimulus appear sufficiently different from those with discrete stenosis to be diagnostic ( fig. 1 ). In patients with left ventricular hypertrophy, but without a pressure gradient in the basal state, nitroglycerin and the Valsalva maneuver may be used as provocative tests to detect latent obstruction.
In view of the findings presented in this investigation, it is of interest that post-tussive syncope or dizziness has been noted in some of our patients with hypertrophic subaortic stenosis. Similarly, the sudden assumption of the erect position occasionally results in syncope, perhaps also as a result of increased obstruction secondary to diminished venous return. Although we have not encountered a history of intolerance to nitroglycerin in any of our patients, the intensification of obstruction accompanied by systemic hypotension following the administration of this drug, as described in this report, suggests that some caution is warranted in its use in patients with idiopathic hypertrophic subaortic stenosis.
Summary
The circulatory responses to nitroglycerin and to the Valsalva maneuver were studied in seven patients with idiopathic hypertrophic subaortic stenosis, in five patients with valvular aortic stenosis, and in three patients with-Crcilation, Volume XXIX, Mtarch 1964 -1
,v out obstruction to left ventricular outflow. In contrast to the patients with valvular stenosis who showed no changes or decreases in their aortic valvular pressure gradients, in all the patients with idiopathic hypertrophic subaortic stenosis an increased pressure gradient was observed following nitroglycerin administration. Similar effects on the pressure gradients were observed during the Valsalva maneuver, an augmentation occurring in patients with hypertrophic obstruction, and a fall being noted in patients with valvular stenosis. In one patient with idiopathic hypertrophic subaortic stenosis, the gradients across the right ventricular outflow tract were increased by nitroglycerin and the Valsalva maneuver. It is postulated that this increase in obstruction resulted primarily from a decrease in ventricular size secondary to the reduction in venous return induced by these interventions. It is proposed that reduction in the size of the left ventricle in patients with idiopathic hypertrophic subaortic stenosis, whether induced by changes in venous return, a decrease in arterial pressure, or by agents having a positive inotropic action, reduces the effective size of the outflow orifice. The administration of nitroglycerin and the performance of the Valsalva maneuver in the course of left heart catheterization provide simple methods for detecting the presence of latent obstruction in patients with idiopathic left ventricular hypertrophy and for differentiating idiopathic hypertrophic subaortic stenosis from other forms of obstruction to left ventricular outflow.
